Accuracy of Doppler methods for estimating peak-to-peak and peak instantaneous gradients across coarctation of the aorta: An In vitro study.
Although data exist that address the attempt to correlate noninvasive Doppler-derived pressure gradients with invasive catheter pressure gradients in patients with coarctation of the aorta, few data exist about stiffness of the proximal descending aorta (precoarctation) and its relation to these pressure measurements. In this study, an in vitro flow model of a simulated neonatal aorta with a coarctation was developed. Three proximal descending aortas of different stiffnesses were used. The stiffness index of the proximal descending aorta was calculated as beta = ln [systolic pressure/diastolic pressure/(systolic diameter - diastolic diameter)]. We evaluated pressure gradients obtained by continuous wave Doppler and standard catheter methods and looked at acceleration of flow velocity determined by pulsed wave Doppler in the 3 precoarctation segments of differing stiffnesses. Pressures in the proximal descending aorta (precoarctation) increased with increasing stiffness, ranging from 105 mm Hg (soft) to greater than 300 mm Hg (stiff). Continuous wave Doppler instantaneous pressure gradients overestimated the catheter instantaneous pressure gradients substantially (mean 41% +/- 19%). The stiffer the precoarctation segment, the more the degree of overestimation: soft, 0% to 63% (= 3.47); medium, 13% to 54% (beta = 4.42); and stiff, 43% to 66% (beta = 5.91). Inclusion of the precoarctation velocity [V1] component in the Bernoulli equation did not significantly improve the correlation or the agreement. An additional observation was that pullback catheter peak-to-peak gradients were higher than simultaneous peak-to-peak gradients. In the stiff aorta, this difference could be greater than 22 mm Hg (>19%). Acceleration of flow velocity toward the coarctation was evident by pulsed wave Doppler interrogation. Increasing the stiffness of the precoarctation segment also increased the degree of acceleration within this proximal segment: soft, 0.4 to 0.8 m/s; medium, 0.5 to 1. 4 m/s; and stiff, 0.7 to 1.5 m/s. These data suggest that increasing stiffness of the proximal descending aorta can alter the continuous wave detected Doppler gradient and although the gradient itself has increased, it may not predict accurately the true severity of the localized, most severely obstructed segment.